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Catheter ablation for successful management of
left posterior fascicular tachycardia: an approach
guided by recording of fascicular potentials

Demosthenes Katritsis, Spencer Heald, Arif Ahsan, Mark H Anderson, A John Camm,
David E Ward, Edward Rowland

Abstract
Objective-To assess whether catheter
ablation of fascicular tachycardia can be
facilitated by the recording of sharp
deflections arising from the mid-sep-
tum-inferior apical septum of the left
ventricle.
Patients and methods-Seven consecu-
tive patients (mean age 29 (range 16-43)
years) with ventricular tachycardia origi-
nating from the left posterior fascicle
underwent electrophysiology study and
detailed mapping of endocardial activa-
tion. Selection of ablation sites in the last
five patients was based on the recording,
during left posterior fascicular tachycar-
dia and sinus rhythm, of a discrete poten-
tial preceding the earliest ventricular
electrogram, which was thought to repre-
sent conduction through the posterior
fascicle.
Results-Patients were treated with low
energy direct current or radiofrequency
current ablation. The median fluoroscopy
and procedure times were 23 (range 6-42)
min and 110 (range 50-176) min, respec-
tively. In a follow up period of 4 to 16
months, six patients were asymptomatic
and one had minor symptoms. No patient
had any change in intraventricular con-
duction. Similar potentials were also
recorded from the left posterobasal sep-
tum in three of eight patients who under-
went catheter ablation of left free wall
accessory pathways.
Conclusion-Fascicular potentials can be
reproducibly recorded in left posterior
fascicular tachycardia and may serve as a
reliable marker for successful ablation
procedures. The relation of these poten-
tials with the substrate ofthe tachycardia,
however, remains obscure.
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Fascicular tachycardias are "idiopathic", sus-

tained tachycardias which probably originate
from microre-entry within one of the fascicles
of the left bundle branch.'-3 Occasional
attempts at direct current (DC) energy or

radiofrequency catheter ablation of the origin
of fascicular tachycardia have been reported
previously4-8 and recently, we and others sug-
gested that the successful ablation site is indi-

cated by the recording of sharp deflections
arising from the midseptum-inferior apical
septum of the left ventricle.9-" Although these
potentials seem to originate from the Purkinje
network of the left posterior fascicle, their
functional significance as well as their relation
with the substrate of the tachycardia itself
remains obscure.'0",
We report on our experience from the suc-

cessful application of low energy DC and
radiofrequency current ablation for the treat-
ment of seven consecutive patients with poste-
rior fascicular tachycardia which, although
responsive to intravenous verapamil, was not
controlled by oral treatment. In the last five
patients the selection of ablation sites was
guided by the recording of a discrete potential
preceding the earliest ventricular electrogram
and corresponding anatomically to the loca-
tion of the posterior fascicle of the left bundle
branch.

Patients and methods
PATIENTS
From September 1990 to April 1994, seven
patients (four men and three women with a
mean age of 29 years) with recurrent, sus-
tained ventricular tachycardia and otherwise
normal hearts were treated with catheter abla-
tion at St George's and Royal Brompton
Hospitals, London. Patients presented with
sustained ventricular tachycardia with a 12
lead electrocardiogram (ECG) morphology of
right bundle branch block (RBBB) and left
axis deviation (table and fig 1). All patients
had unremarkable physical examination and a
normal resting ECG, chest radiograph,
echocardiogram, and exercise tests. Coronary
angiography performed in one patient (no 1)
was also normal. All patients had been highly
symptomatic with frequent palpitations and
presyncopal attacks. Oral treatment with vari-
ous antiarrhythmic drugs, including vera-
pamil, sotalol, flecainide, and disopyramide
and, in one patient amiodarone, was ineffec-
tive or could not be tolerated at maximum
doses.

ELECTROPHYSIOLOGICAL STUDY AND
CATHETER ABLATION
General (for low energy shocks) or local (for
radiofrequency current) anaesthesia was
administered, and under fluoroscopic control
a Josephson quadripolar catheter was inserted
for high right atrial or right ventricular pacing,
a tripolar or hexapolar catheter was positioned
in the His area or the coronary sinus, or both,
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Electrophysiological data

Age Sex Mode of VT VT cycle HV interval QRS Selection of ablation FV interval Follow up
Patient no (years) induction length ECG (ms) (ms) Energy sites (ms) (months) Outcome

1 37 F RAP + isopr 230 RBBB+IAD Negative 130 LE Earliest activation/ 20* 16 Asymptomatic
pace map

2 16 F RAP 260 RBBB+LAD - 20 120 LE/RF Earliest activation/ 25* 15 Well receiving
pace map disopyramide

3 23 M V stim 340 RBBB+LAD - 20 130 LE Fascicular potential 25 16 Asymptomatic
4 19 M V stim 240 RBBB+LAD Negative 130 LE Fascicular potential 23 10 Asymptomatic
5 39 M V stim 320 RBBB+LAD - 35 120 LE Fascicular potential 25 12 Asymptomatic
6 25 F V stim 440 RBBB+LAD - 20 130 RF Fascicular potential 38 4 Asymptomatic
7 43 M V stim 320 RBBB+LAD Negative 120 RF Fascicular potential 35 6 Asymptomatic

RAP, Rapid atrial pacing; isopr, isoprenaline infusion; LAD, left axis deviation; VT, ventricular tachycardia; V stim, programmed ventricular stimulation; LE, low
energy; RF, radiofrequency; FV, fascicular potential to surface QRS. *Ventricular electrogram to surface QRS.

and the mapping/ablating catheter was posi-
tioned in the inferobasal area of the left side of
the septum. For the first three patients bipolar
electrograms were recorded from the distal
pair of electrodes, filtered at 30-500 Hz,
amplified at gains of 20-80 mm/mV, and
printed at a paper speed of 100 mm/s using a

multichannel-ink jet recorder (Mingograf 7,
Siemens-Elema). For the last four patients a

aVR ~ Bard electrophysiology computer-assisted sys-
tem was used and continuous recording of

aVL 1- electrograms and surface ECG was stored on a
hard disk.

aVF A National Heart Hospital bipolar catheter
(patient nos 1 and 2) or a deflectable catheter
with a 4 mm tip and 2-5 mm interelectrode

V1 <\J X spacing (Webster or Medtronic RF Ablater)
was used for mapping and ablation. Low
energy was delivered by the special National

V2 r-kr \ Heart Hospital low energy ablator in the
forn of multiple low energy shocks.'0

V3 Radiofrequency current was supplied by a 500
kHz generator (HAT 200 S, Dr Osypka

V4 GmbH or Medtronic Atakr) at constant preset
electrical power usually ranging from 30 to 50

V5 W. Current impedance or catheter tip temper-
ature was monitored throughout the current

V6 discharges.

,1,1,1,1,1,1,1,1LbLl[1 Results
0 1000 ELECTROPHYSIOLOGICAL DATA

25 mm/s The table indicates the electrophysiological
Figure 1 Twelve lead data of the patients. All patients had decre-
ECG recorded during mental antegrade and retrograde conduction
fascicular tachycardia.

curves with normal HV intervals during sinus
rhythm. Tachycardia could be induced by
atrial extrastimulation in two patients. In the
other five tachycardia was inducible by ven-
tricular extrastimulation but in three ofthem it
could be terminated by rapid atrial pacing.
There were periods of atrioventricular (AV)
dissociation in all patients during tachycardia
and in two of them atria extrastimuli could
dissociate the His bundle electrogram without
resetting the tachycardia. There was no consis-
tent relation between the initiating interval
and the first tachycardia cycle length. The His
bundle electrogram could be recorded in four
patients during tachycardia, being obscured by
the ventricular electrogram in the remaining
three. The HV interval, therefore, was pre-
sumed to be negative in all patients. Intra-
venous verapamil given during tachycardia
was successful in restoring sinus rhythm in all
patients, although not invariably in patient
no 3.

SELECTION OF ABLATION SITES
Tachycardia was induced after the position of
the ablating catheter in the left
posterobasal/apical septum had been verified
using the right anterior oblique, left anterior
oblique, and anteroposterior radiographic
views (fig 2). Mapping was started and poten-
tial ablation sites were sought by detecting the
point of earliest activation of the ventricular
electrogram as compared with the QRS com-
plex of the surface ECG (table). In the last five
patients, a discrete potential of between 300
and 400 ,uV was reproducibly recorded imme-
diately before the earliest ventricular activation
(fig 3) during tachycardia. During sinus
rhythm this potential was also recorded at the
same ventricular site and could be recorded
slightly earlier or later by marginally withdraw-
ing or advancing the catheter towards the
apex, respectively. Ventricular pacing during
sinus rhythm at a rate similar to that during
tachycardia confirmed concordance between
paced and tachycardia ECGs. No fragmenta-
tion or delayed potentials could be recorded
by the mapping/ablation electrode at the same
ventricular sites during sinus rhythm. In
patient no 1 the tachycardia was not easily
inducible, and, most of the time, it was non-
sustained, thus prohibiting detailed mapping.
Ablation sites, therefore, were mainly chosen
according to pace mapping results. Three
attempts were undertaken in patient no 2, one
with radiofrequency and two with low energy.

Figure 2 PA view of the position of the catheters during
ablation. A J7osephson quadripolar electrode is positioned in
the right atrium, a hexapolar electrode in the coronary
sinus, and the ablating catheter in the left ventricular
septum.
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Figure 3 Mapping during (A) fascicular tachycardia and (B) sinus rhythm. A discrete
potential (fascicular potential?) preceding the earliest ventricular electrogram is indicated.

Ablation sites were selected by earliest activa-
tion and pace mapping in all patients. The
stimulus to QRS delay in all patients ranged
between 20 and 30 ms. Two attempts were

also required in patient no 5. During the first
ablation, a fascicular potential was recorded
18 ms in front of the surface QRS during
tachycardia and although ablation was initially
successful, the arrhythmia recurred in the
form of non-sustained runs and frequent ven-

tricular extrasystoles of the same morphology
(RBBB and left axis deviation). At the second
attempt mapping was based on ventricular
extrasystoles and the recorded potential pre-
ceded the surface QRS by 35 ms.

Radiofrequency was the only form of energy

for ablation in patient nos 6 and 7, while in the
remaining patients, 8-10 low energy shocks of
5-25 J were delivered. In all patients, 30 min
after the last energy discharge, tachycardia
could not be induced with and without isopre-
naline infusion (2 ,ug/min) and by either atrial
or ventricular stimulation. The median fluo-
roscopy time was 23 (range 6-42 min) and the
median procedure time was 1 10 (range
50-176) min. The next day the stimulation
test was repeated and confirmed non-
inducibility of the tachycardia. No axis devia-
tion was documented on the 12 lead ECG.

FASCICULAR POTENTIALS IN PATIENTS
WITHOUT FASCICULAR TACHYCARDIA
Limited mapping was also undertaken in eight
patients who underwent catheter ablation of
left free wall accessory pathways. Fascicular
potentials could be reproducibly recorded
in three of them; in all three patients stimula-
tion of the ventricle at that site produced
extrasystoles with typical "RBBB with left
axis" morphology.

FOLLOW UP
Patients have been followed up for a period of
4-16 months (table). Patient no 2 had two
previous attempts which kept her asympto-
matic for about seven months and one year
respectively. Since the last attempt she has
occasionally experienced short lived episodes
of palpitations which, however, are less dis-
turbing than previously and are well controlled
with oral disopyramide. The other patients
have been asymptomatic.

Discussion
FASCICULAR TACHYCARDIA
Several reports have now established fascicular
tachycardia as a recognised clinical entity. The
posterior fascicle is usually involved resulting
in a tachycardia with RBBB and left axis devi-
ation but patients with inferior axis3 -that is,
probably of anterior fascicular origin, or with
intermediate axis" have also been described.
Idiopathic left ventricular tachycardia in gen-
eral, can also originate from the left free ven-
tricular wall" producing a rightward axis.
Re-entry rather than automaticity within one
of the left bundle fascicles2 3 has been proposed
as the most plausible mechanism. However,
the arrhythmia responds to verapamil28 12 and
the mechanism is obscure. The arrhythmia
usually occurs in young patients with other-
wise normal hearts and who can tolerate the
tachycardia rates usually ranging from 140 to
220 beats/min.

SELECTION OF ABLATION SITES
In large re-entry circuits such as those arising
from infarct scars, areas of slow conduction
during sinus rhythm can be identified by elicit-
ing entrainment or concealed entrainment,'3
and detecting fractionated electrograms '4 or
mid-diastolic potentials. "; Ablation at these
sites has resulted in a significantly lower recur-
rence rate than ablations performed at areas
where the earliest endocardial activation was
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recorded. 16 In accordance with other reports3 7 1'
we failed to record any fragmentation which
should indicate the area of slow conduction
either during sinus rhythm or tachycardia. In
contrast to patients with coronary artery dis-
ease, patients with structurally normal hearts
and ventricular tachycardia may have a rela-
tively small area of slow conduction which
produces enough delay for re-entry without
displaying prominent and easily recordable
fragmentation.3 Alternatively, the regions of
slow conduction and endocardial exit may be
close or identical.'7

Recording of the earliest activation during
tachycardia in the posterobasal septum and
pace mapping have been used to select abla-
tion target sites in fascicular tachycardia.478-1"
As also occurs in right ventricular outflow tract
tachycardia,'7 18 the earliest endocardial activa-
tion time (about 20-25 ms before the onset of
the earliest QRS in our series) is considerably
later than in patients with sustained ventricu-
lar tachycardia caused by ischaemic heart dis-
ease (50-100 ms). Optimal pace mapping also
has a short stimulus to QRS interval (20-30
ms in our series) in fascicular as well as in right
ventricular outflow tract tachycardia.'8
Nakagawa et al'0 achieved ECG concordance
during pace mapping also at sites adjacent to
the site of successful ablation, thus suggesting
that pace mapping may have limited value
in this arrhythmia. However, pace mapping
has been successfully employed by other
groups"I '9 and, in particular, Wen et alII
achieved successful ablation even at sites
where the pace map ECG, although not simi-
lar, closely resembled the ECG during tachy-
cardia. In our second patient, ablation
attempts based only on earliest activation or
pace mapping without seeking fascicular
potentials were not successful in abolishing
symptoms.

RECORDING OF FASCICULAR POTENTIALS
Our series confirms that recording of poten-
tials representing the activation of fascicular
tissue is feasible in patients with fascicular
tachycardia. In one of the two reported cases
by Page et al,7 a similar potential was also
clearly recorded during tachycardia at the site
of successful energy delivery. Previous multi-
ple radiofrequency energy discharges were
unsuccessful in interrupting tachycardia
despite early local electrical activity (preceding
the QRS by 30-40 ms) and pace mapping
concordance. Although these potentials are
thought to originate from the Purkinje net-
work of the left posterior fascicle,""I their
exact nature as well as their relation with the
substrate of the tachycardia itself remain
obscure. It is not known whether such poten-
tials represent specialised conduction tissue
close to or part of the His-Purkinje system.
Further studies are required to distinguish
whether this is a normal part of the left fascicle
or represents a left sided fasciculoventricular
bypass tract. The fact that we did not detect
axis deviation in any of our patients after the
procedure could be compatible with either
ablation of accessory tissue or modification of

the re-entrant circuit. In the rare reported
cases of idiopathic left ventricular tachycardia
originating from the left free ventricular wall
sharp deflections were also recorded,8" thus
suggesting the presence of extra tissue.
Fascicular potentials, however, were present in
three of our patients without clinical evidence
of fascicular tachycardia and in 15 controls in
the series of Wen et al."I Regardless of their
nature, such potentials seem to allow a better
targeting of the tachycardia substrate thus
avoiding unnecessary deliveries of energy into,
and consequent scarring of, the ventricles.

MODE OF ENERGY
High energy DC shocks have been previously
used for ablation of fascicular tachycardia.45
However, late malignant ventricular arrhyth-
mias and sudden death are recognised compli-
cations of high energy DC ablation.20 Low
energy DC offers non-arcing shocks and has
been used successfully for ablation of the atri-
oventricular junction and accessory path-
ways.2' The reported complications compare
favourably with those encountered in radiofre-
quency current series22 and it seems that both
modes of energy probably offer safe treatment.
The efficacy of radiofrequency current in this
particular setting cannot be judged from our
series. It would be interesting to see whether
the small, localised lesion produced by
radiofrequency is enough to eradicate the
focus of this tachycardia.

STUDY LIMITATIONS
The main limitation of our study as well as of
the other two series is the short follow up of
the patients. In a recent report of 54 patients
who underwent radiofrequency ablation of the
AV junction, two patients with organic heart
disease died suddenly.2' The long-term safety
of ablation procedures targeting the ventricu-
lar myocardium is not yet established.
The recording of sharp deflections during

tachycardia or sinus rhythm is a reliable and
reproducible sign for the guidance of selection
of ablation sites in patients with fascicular
tachycardia. This approach should facilitate
the procedure and ensure the avoidance of
unnecessary energy discharges into the ventri-
cle. The origin of these potentials seems to be
the network of the posterior left fascicle but
verification of their physiological significance
has not yet been possible.
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